Two bacterial strains were isolated from faecal samples of Tibetan antelopes. The isolates were Gram-stain-positive, catalase-negative, coccus-shaped organisms that were tentatively identified as representing a novel streptococcal species based on their morphological features, biochemical test results and phylogenomic findings. Comparative 16S rRNA gene sequencing studies confirmed that the organisms were members of the genus Streptococcus, but they did not correspond to any recognized species of the genus. 
The artiodactyl Tibetan antelope (TA; Pantholops hodgsonii) is found almost exclusively in China, especially on the Tibetan Plateau, a region with elevations of 3500-5500 m, low partial pressure of oxygen and high UV radiation. In 2012, an outbreak of contagious caprine pleuropneumonia caused by Mycoplasma capricolum subsp. capripneumoniae in TA was reported (Yu et al., 2013) . However, little knowledge of bacterial species in this endangered animal has been available until now. In this study, we report on two Streptococcus-like micro-organisms (strains TA 26 T , TA 421) isolated from fresh faecal samples of two Tibetan antelopes collected on different days and at different locations in Hoh Xil National Nature Reserve, Qinghai, China. Strain TA 26
T was isolated from a faecal sample of TA herded on a plateau at an altitude of 4514.4 m (35 36¢ N 93 44¢ E) on 13 May 2014. Strain TA 421 was from a sample collected at an altitude of 4561.7 m (35 51¢ N 93 73¢ E) on 14 May 2014. Faecal samples were suspended in sterile PBS (0.137 M NaCl, 0.003 M KCl, 0.010 M Na 2 HPO 4 , 0.018 M KH 2 PO 4 , pH 7.5), disaggregated by brief vortexing and repeated pipetting, and centrifuged at 1500 g for 1 min. The supernatants were then uniformly spread on Columbia agar plates containing 5 % defibrinated sheep blood (bioM erieux) at 37 C under aerobic and anaerobic conditions. Two isolates with a-haemolytic activity visible on blood agar plates were purified and selected for further analysis. Based on the phenotypic and phylogenetic results, a novel species of the genus Streptococcus is proposed.
Phylogenetic analysis was performed by comparative 16S rRNA gene sequencing as described previously (Vela et al., 2015) . Briefly, DNA was extracted from bacterial culture using the Wizard Genomic DNA purification kit (Promega) according to the manufacturer's instructions. A large continuous fragment (approximately 1438 bases) of the 16S rRNA gene of each strain was obtained from PCR-amplified products by using the universal eubacterial primers 27F-1492R (5¢-AGAGTTTGATCMTGGCTCAG-3¢ and 5¢-GGYTACCTTGTTACGACTT-3¢) (Jin et al., 2013) T (92.9 %). 16S rRNA gene sequences of the type strains of all Streptococcus species with validly published names were retrieved from the GenBank database and aligned with the newly determined sequences using the program CLUSTAL W (Thompson et al., 2002) . Phylogenetic trees were reconstructed with two different algorithms, namely neighbourjoining (Saitou & Nei, 1987) and maximum-likelihood (Guindon & Gascuel, 2003) , using MEGA 6 software (www. megasoftware.net) (Tamura et al., 2013) , and the stability of the groupings was estimated by bootstrap analysis (1000 replications). Genetic distances were calculated by the maximum composite likelihood method. Phylogenetic trees reconstructed using the neighbour-joining algorithm (Figs 1 and S1, available in the online Supplementary Material) and maximum-likelihood algorithm (Fig. S2) were quite similar and demonstrated a clear affiliation of our unknown cocci to the genus Streptococcus, and the two unknown isolates formed a separate branch, not clustering with any species of the genus Streptococcus.
Housekeeping genes other than the 16S rRNA gene are also suitable for identification at the species or subspecies level. Glazunova et al. (2009) reported that groEL gene sequence (Tamura et al., 2013) . An extended version of this tree is available as Fig. S1 . Numbers on the tree indicate bootstrap values calculated for 1000 subsets for branch points >50 %. Bar, 0.01 substitutions per nucleotide position.
analysis was a powerful tool for establishing the phylogeny of Streptococcus species based on a comparison of groEL, rpoB, gyrB and sodA genes. In the present study, partial sequences of groEL (772 bp) and rpoB (716 bp) genes were amplified and sequenced using primer pairs streptogroELd/streptogroELr (Glazunova et al., 2009) and StreptoF/StreptoR (Drancourt et al., 2004) , respectively. The two new isolates shared 100 % similarity for both the groEL and the rpoB gene sequences. The sequences of the groEL and rpoB genes for strain TA 26
T were deposited in GenBank under accession numbers KX164159 and KX164160, respectively. Levels of groEL and rpoB gene sequence similarity between strain TA 26 T and the type strain of its closest 16S rRNA gene relative S. ursoris NUM 1615 T were 73.0 and 77.8 %, respectively (divergence values of 27.0 and 22.2 %, respectively). Two phylogenetic trees were reconstructed based on groEL (Fig.  S3) and rpoB (Fig. S4 ) genes by the neighbour-joining algorithm, showing that strain TA 26
T formed a branch separate from its close 16S rRNA gene phylogenetic neighbours. These data support the separate species status for the unidentified cocci from TA.
The two novel isolates were further Gram-stained and assessed for the presence of catalase. Their haemolytic activity was determined on Columbia blood agar plates after incubation aerobically at 37 C for 24 and 48 h (Facklam & Elliott, 1995) . Determination of bacterial growth at 4, 15, 22, 30, 37 and 42 C was performed in brain heart infusion broth (Difco) with pH adjusted to 7.5 (Facklam & Elliott, 1995) . The ability of the isolates to tolerate the presence of 3.5, 4.5 and 6.5 % (w/v) NaCl was assessed as described previously (Facklam & Elliott, 1995) . The isolates were characterized biochemically using the Rapid ID32 Strep, API 20 Strep, API 50 CH and API ZYM systems (bioM erieux) according to the manufacturer's instructions. The API 50 CH strips, using CHB suspension medium, were read following up to 7 days of incubation at 37 C. The two isolates gave almost identical biochemical test results. The phenotypic characteristics that differentiate the proposed novel species from the closest related species are shown in Table 1 . Because determination of the Lancefield group antigen is still an important routine identification technique, the serological group reaction of the two new isolates was determined with the commercial Slidex Strepto kit (bioM erieux) by using specific group A, B, C, D, F and G streptococcal latex agglutinating antisera. The novel species did not react with any Lancefield group antisera.
The complete genome of strain TA 26 T was sequenced by single molecule, real-time (SMRT) technology using the Pacific Biosciences (PacBio) sequencing platform (McCarthy, 2010) . The data were assembled to generate one circular genome without gaps by using SMRT Analysis 2.3.0 (Berlin et al., 2015) . The protein-coding sequences (CDSs), tRNAs and rRNAs were predicted using GeneMarkS (Besemer et al., 2001) , tRNAscan-SE (Lowe & Eddy, 1997) and rRNAmmer (Lagesen et al., 2007) , respectively. The circular chromosome of TA 26 T comprised 2 241 302 bp with an overall G+C content of 42 mol%. The genome encompassed 2251 CDSs, 66 tRNAs and 15 rRNAs, with five copies each of the 16S, 23S and 5S rRNA genes. It also contained seven incomplete prophages predicated by the PHAge Search Tool (PHAST) (Zhou et al., 2011) , and 11 clustered regularly interspaced short palindromic repeat (CRISPR) regions identified by CRISPRFinder (Grissa et al., 2007) . The putative virulence factors were predicted through the BLAST tool of NCBI and by using the virulence factor database (VFDB; http://www.mgc.ac.cn/), which provides experimentally confirmed and predicted virulence factors, especially of those significant bacterial pathogens (Chen et al., 2016) . Strain TA 26
T carried several putative virulence-associated factors including PavA, an adherence factor associated with pneumococcal infections (Holmes et al., 2001) , and hyaluronic acid capsule, which may serve as a universal adhesin for attachment of mutans group in the genus Streptococcus (Schrager et al., 1998) . The complete genome has been deposited in GenBank under accession number CP014699.
To reaffirm the relationship of the presumptive novel species and other known species of the genus Streptococcus, we performed genome-sequence-based DNA-DNA hybridization (DDH) analysis. DDH has been used as the gold standard for bacterial species delineation in microbial taxonomy since the early 1970s (De Ley, 1970 ) and a DDH value of 70 % was recommended as the standard for delineating species (Goris et al., 2007) . The conventional wet-lab DDH technique has been considered to be tedious, laborious and prone to experimental deviation, but with the recent rapid progress in genome sequencing, a more reproducible and absolute genome-sequence-based DDH method has been replacing the wet-lab DDH (Auch et al., 2010; Deloger et al., 2009; Goris et al., 2007; Meier-Kolthoff et al., 2013) . Using the DDH web-software at http://ggdc. dsmz.de/ (Auch et al., 2010) , in silico DDH was then performed between the complete genome of strain TA 26 T and the 160 complete or draft genomes of 69 species of the genus Streptococcus deposited in the GenBank database. DNA-DNA relatedness values between strain TA 26 T and all other species of the genus Streptococcus were between 17.1 and 46.1 %, well below the cut-off value of 70 % (Table S1) , supporting a novel species status for strain TA 26 T .
The cellular fatty acid composition of strain TA 26 T was then determined using the standard Sherlock Microbial Identification System (MIDI). Cells were cultured to lateexponential phase on tryptic soy agar (Difco) supplemented with 5 % sterile defibrinated sheep blood at 37 C for 24 h and harvested for cellular fatty acid composition analysis using MIDI with TSBA and CLIN database version 6.0. The major cellular fatty acids of strain TA 26 T were C 16 : 0 (32.09 %), C 18 : 1 !9c (17.96 %), C 14 : 0 (12.97 %), summed feature 5 (comprising C 18 : 2 !6,9c and/or anteiso-C 18 : 0 ) (12.10 %), summed feature 8 (C 18 : 1 !7c and/or C 18 : 1 !6c) (9.68 %), C 18 : 0 (7.31 %), C 16 : 1 !9c (4.1 %), summed feature 3 (C 16 : 1 !7c and/or C 16 : 1 !6c) (2.01 %), C 17 : 0 (1.07 %) and C 12 : 0 (0.7 %).
Although Streptococcus species groups were further extended from six to nine by using sequences from eight genes (16S rRNA, rpoB, sodA, tuf, rnpB, gyrB, dnaJ and recN) with three new additions (S. gordonii, S. pluranimalium and S. sobrinus), most species within a group remain unchanged (Pontigo et al., 2015) . As shown in Fig. 1 , our newly proposed species (Streptococcus pantholopis sp. nov.) neighbours 11 other species, nine of which (S. dentapri, S. dentirousetti, S. devriesei, S. downei, S. mutans, S. macacae, S. ratti, S. sobrinus, S. ursoris) belong to the mutans group with the exception of S. troglodytae and S. orisasini which are not included in the new taxonomic proposal (Pontigo et al., 2015) . The novel species can be easily differentiated biochemically from its neighbours in Fig. 1 as detailed in Table 1 . In summary, all the neighbours in Fig. 1 share the following common features: (1) producing acid from lactose and sorbitol; (2) hydrolysing aesculin; (3) unable to hydrolyse arginine; and (4) no alkaline phosphatase activity, except (correspondingly) that (1) S. dentapri cannot ferment lactose, S. downei and S. dentirousetti cannot ferment sorbitol; (2) S. downei and S. sobrinus cannot hydrolyse aesculin; (3) S. ratti and S. ursoris can hydrolyse arginine; and (4) S. dentapri, S. macacae and S. troglodytae have alkaline phosphatase activity. In brief, four simple biochemical tests can differentiate S. pantholopis from its close neighbours. Being unable to ferment raffinose and inulin are the defining characteristics that differentiate Streptococcus pantholopis from nineof its 11 neighbours, and being positive for sorbitol sets it apart from S. dentirousetti. Being positive for lactose differentiates it from S. dentapri.
Taken together, the cellular morphology (small, non-sporeforming cocci in pairs or short chains), phenotypic characteristics (a-haemolytic, Gram-stain-positive, catalase-negative and unique biochemical features) and phylogenomic results (DDH, clustered within the mutans group based on its 16S rRNA gene similarity) support that the two isolates (TA 26 T and TA 421) belong to a novel species of the genus Streptococcus, for which the name Streptococcus pantholopis sp. nov. is proposed. The two isolates were recovered from two samples collected from TA herds in different geographical locations. Therefore, it is very unlikely that the isolates could have any epidemiological clonality.
Description of Streptococcus pantholopis sp. nov.
Streptococcus pantholopis (pan.tho.lo¢pis. N.L. gen. n. pantholopis referring to the isolation of the type strain from the TA Pantholops hodgsonii).
Cells are Gram-stain-positive, non-spore-forming cocci, 0.4-0.7 µm in diameter and occur in pairs or short chains. Colonies on blood agar are small, raised and adherent with irregular margins, 0.75-1.00 mm in diameter and a-haemolytic at 37 C for 48 h. Cells are facultatively anaerobic, catalase-negative and non-motile. Growth occurs at 22, 30, 37 and 42 C but not at 4 or 15 C. Growth occurs in the presence of 3.5 % (w/v) NaCl but not in broth containing 4.5 or 6.5 % (w/v) NaCl. Acid is produced from D-galactose, D-glucose, D-fructose, D-mannose, mannitol, sorbitol, Nacetylglucosamine, amygdalin, arbutin, salicin, cellobiose, maltose, lactose, sucrose, trehalose, gentiobiose and D-tagatose, but not from glycerol, erythritol, D-arabinose, (Whiley & Beighton, 1998) ; 8, S. troglodytae TKU 31 T (Okamoto et al., 2013) ; 9, S. mutans NCTC 10449 T (Whiley & Beighton, 1998) ; 10, S. downei NCTC 11391 T (Whiley & Beighton, 1998) ; 11, S. dentirousetti DSM 18963 T (Takada & Hirasawa, 2008) ; 12, S. sobrinus NCTC 12277 T (Whiley & Beighton, 1998) . All taxa gave a positive reaction in the Voges-Proskauer test and were positive for fermentation of maltose, mannitol and trehalose. +, Positive; À, negative. 
